(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
27 December 2002 (27.12.2002) 




PCX 



III 



ill 



(10) Interaational Publication Number 

WO 02/102777 A2 



(51) International Patent Classification'': C07D 2 1 1/22 

(21) International Application Number: PCT/USO 1/23994 

(22) International Filing Date: 31 July 2001 (31.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
484/M AS/2001 



18 June 2001 (18.06.2001) IN 



(71) Applicant (for all designated States except GD, US)i DR. 
REDDY'S LABORATORIES LTD. [IN/IN]; 7-1-27 
Ameerpet, Hyderabad 500016. A.P. (IN). 

(71) Applicant (for GD only): CORD, Janet, I. [US/US]; 26 
West 61st Street, New York, NY 10023 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (/<?rt/5on/y;: REDDY, M., Satya- 
narayana [IN/IN]; 7-1-27 Ameerpet, Hyderabad 500 



016, A.P. (IN). RAJAN, S., Thirumalai [IN/IN]; 7-1-27 
Ameerpet, Hyderabad 500016, A.P. (IN). RAO, U., V., 
Bhaskara [IN/IN]; 7-1-27 Ameerpet, Hyderabad 500016, 
A.P. (IN). 

(74) Agent: CORD, Janet, I.; Ladas & Parry, 26 West 61st 
Street, New York, NY 10023 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE. GH. 
GM, HR, HU. ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC, 
LK. LR, LS, LT. LU, LV, MA. MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL. PT, RO, RU, SD, SE. SG, SI. SK, 
SL, TJ, TM, TR, TT, TZ. UA, UG. US, UZ, VN, YU. ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY. KG, KZ, MD, RU, TJ. TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
rr, LU, MC, NL, PT, SE. TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

[Continued on next page J 



(54) Title: NOVEL CRYSTALLINE FORMS OF 4-[4-[4-(HYDROXYDIPHENYLMETHYL)-l-PIPElUNDINYL]-l-HYDROX- 
YBUTYL]-$G(A), $G(A)-DIMETHYLBENZENE ACETTIC ACID AND ITS HYDROCHLORIDE 



Thermal analysis Data 



< 



0.00- 



-1.00- 



mW 



-2.00 - 



-3.00- 



175.05C 




186.56C 



— I 

100.00 



— \ 

200.00 



TempC 



(57) Abstract: The present invention is related to novel polymorph of Fexofenadine and Fexofenadine hydrochloride of formula I 
and process of preparation thereof. The present invention is also directed to provide pure novel polymorphs of Fexofenadine and its 
hydrochloride by a simple process which is cost effective, commercially viable and environment friendly. 



BNSDOCID: -eWO ^02102777A2_I_> 



wo 02/102777 A2 



Published: For two-letter codes and other abbreviations, refer to the "Guid- 

— without international search report and to be republished ance Notes on Codes and Abbreviations " appearing at the begin- 
upon receipt of that report ning of each regular issue of the PCT Gazette. 



BNSOCXID: <WO. 



.02102777A2_I_> 



wo 02/102777 



-1- 



PCT/USOl/23994 



NOVEL CRYSTALLINE FORMS OF 4-[4-[4-(HYDROXYDIPHE]SrYI.METHYL)-l- 
PlPERipiNYL]-l-HYDROXYBUTYL]-a,a-DI^ ACETIC ACID 

AND ITS HYDROCHLORIDE 
Field Of The Invention 
5 The present invention relates to a novel crystalline form of fexofenadine 

hydrochloride and to a process for the preparation thereof More specifically, the present 
invention relates to a novel anhydrous crystalline Form X of fexofenadine hydrochloride. 
The present invention also relates to a novel crystalline form of fexofenadine, particularly 
Forai A of fexofenadine and to a process for the preparation thereof. 
10 Background Of Invention 

- . . Chemically fexofenadine hydrochloride is 4-[4- [4- (hydroxydiphenyhnethyl) — 1- 

piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic acid hydrochloride. It is 
also known as terfenadine carboxyUc acid metabolite. It is represented by Formula 1. 




.HCl 



15 Formula 1 

Fexofenadine hydrochloride is useful as an antihistamine, and does not cause the 
adverse effects associated with the administration of terfenadine including abnormal heart 
rhythms in some patients with liver disease or patients who also take the antifungal drag 
ketoconazole or the antibiotic erythromycin. 

20 U.S. Pateht No. 4,254,129 ("the '129 patenf ') entitled Piperidine Derivatives 

issued on March 3, 198 1 . The ' 129 patent relates to substituted piperidine derivatives 
and methods of making and using them. The disclosed compounds, including 
fexofenadine and its pharmaceutically acceptable salts and individual optical isomers, are 
purported to be useful as antihistamines, antiallergy agents and bronchodilators. 

25 The '129 patent discloses a process for the preparation of fexofenadine having a 

melting point of 195-197°C. The recrystallization process exempUfied therein in 
Example 3, colunm 13, involves use of a mixture of solvents for preparation of 
fexofenadine. 
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WO 95/31437 discloses processes for preparing hydrated and anhydrous forms of 
piperidine derivatives, polymorphs and pseudomorphs thereof, which are useful as 
antihistamines, antiallergic agents and bronchodilators. 

WO 95/31437 discloses the preparation of anhydrous forms of fexofenadine 
5 hydrochloride by subjecting the hydrated fexofenadine hydrochloride to an azeotropic 
distillation or to water miniinizing recrystallization. Li the invention described in this 
application , vmlike the process described in W095/31437, hydrated Fexofenadine 
Hydrochloride is not converted to anhydrous Fexofenadine Hydrochloride, but instead 
Fexofenadine is converted to Form A of Fexofenadine and then to anhydrous Form X of 
10 Fexofenadine Hydrochloride. The novel anhydrous crystaUme form of Fexofenadine 
Hydrochloride is obtained according to the present invention directly from the novel 
precursor i.e. Fexofenadine without generating a hydrated form. The starting material 
used Fexofenadine (Base) is different than described in WO 95/31437. 

WO 00/71 124A1 discloses amorphous fexofenadine hydrochloride process, its 
15 preparation and a composition containing it. 

Fexofenadine obtained in the prior art processes, is a mixture of regioisomers of 
fexofenadine containing 33% of para isomer and 67% of meta isomer. These 
components are referred to as inseparable and it is also stated that it is not possible to 
obtain either of the regioisomers in substantially pure form. On the other hand, 
20 Fexofenadine prepared according to the process of this invention has a purity of > 99.5%. 
hi the novel crystalline Fexofenadine of this invention, the meta isomer of Fexofenadine 
is at a level of below 0.1%. Purity of fexofenadine is critical when it is used for the 

.conversion to its hydrochloride salt since it is very difficult to remove any undesired 

impurities, including regioisomers, from the desired compound in last late processing 
25 stage. Removing the impurities increases the cost of production. Hence it is generally 
preferred that the HPLC purity of fexofenadine is greater than 99.5 %. 

Another beneficial aspect of the present invention is that, the fexofenadine 
hydrochloride is obtained in almost quantitative yield from the precursor i.e. 
fexofenadine. Ahnost quantitative yield means that the pure fexofenadine is converted to 
30 fexofenadine hydrochloride quantitatively ( > 92 % yield of theory ), with ahnost no 
yield loss, as the fexofenadine base itself is >99.5 % pure as compared to fexofenadine 
prepared by the prior art processes. 
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Sximmarv of the Invention 
Therefore, an object of the present invention is to provide a novel crystalline form 
of fexofenadine and a process for its preparation. 

Another object of the present invention is to provide a novel anhydrous 
5 crystalline form of fexofenadine hydrochloride (Formula 1) and a process for its 
preparation, which can be obtained directly from fexofenadine without generating a 
hydrated form of fexofenadine hydrochloride. 

A further object of the present invention is to provide pure novel polymorphs of 
fexofenadine and its hydrochloride by a simple process which is cost effective, 
1 0 commercially viable and environmentally friendly. 

Brief Description Of Accompanving Drawings 
> — Fig.l is a characteristic X^ray powder difiBraction pattern of Form A of . . 

fexofenadine. Vertical axis: Intensity (CPS); Horizontal axis: Two Theta (degrees). The 
significant d values (A*") obtained are 23.11, 11.50, 8.29, 7.03, 6.67, 6.16, 6.02, 5.75, • 
15 5.43, 5.33, 5.07, 4.69, 4.63, 4.44, 4.20, 4.15, 4.07, 3.55, and 3.44. 

Fig.2 is a characteristic infrared absorption spectrum in potassium bromide of 
aforementioned Form A of fexofenadine. [Vertical axis, Tramission (%); Horizontal 
axis: Wave number (cm"^)]. The characteristic peaks for Form A are indicated at 3421, 
3058, 2936, 2366, 2343, 1571,1509, 1490, 1447, 1390, 1334, 1167, 1097, 1073, 1018, 
20 960, 916, 849, 745, 706, 666, 637, 617, 541. 

Fig.3 is a characteristic of dififarential scanning calorimetry thermogram of 
aforesaid Form A of Fexofenadine. Vertical axis: mW; Horizontal axis: Temperature 
(°C). The DSC thOThogram exhibits a melt endothenn at about 230.38''C. 

Fig. 4 is a characteristic X-ray powder difiBraction pattern of Form X of 
25 fexofenadine hydrochloride. Vertical axis: Intensity (CPS); Horizontal axis: Two Theta 
(degrees). The significant d values (A°) obtained are 16.05, 12.98, 8.29, 8.06, 6.25, 5.97, 
5.54, 5.41, 4. 89, 4.70, 4.55, 4.37, 4.32, 4.15, 4.03, 3.80, 3.67, 3.57, 3.42. 

Fig.5 is a characteristic infrared absorption spectrum in potassixmi bromide of 
aforementioned Form X of Fexofenadine hydrochloride. [Vertical axis, Tramission (%); 
30 Horizontal axis: Wave number (cm*^)]. The characteristic peaks for Form X are 

indicated at 3370, 2965, 2652, 1717, 1472, 1448, 1250, 1158, 1100,1068, 995, 962, 840, 
747, 703, 638, 560. 
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Fig.6 is a characteristic of differential scanning calorimetry thennogram of 
aforesaid Fonn X of Fexofenadine hydrochloride. Vertical axis: naW; Horizontal axis: 
Temperature (°C). The DSC thermogram exhibits a melt endotherm at about 1 86.56°C- 

Detailed Description Of hivention 

5 The present invention provides a novel crystalline form of Fexofenadine, which is 

designated as Form A for convenience. The process for the preparation of novel 
crystalline Form A, comprises recrystalUzation of cmde fexofenadine in an alcohol 
followed by azeotropically refluxing Fexofenadine in a non polar organic solvent, organic 
solvent or a mixture thereof and the subsequent isolation of the desired Form A, 

1 0 Form A is prepared by a process, which comprises : 

a. recrystallizing crude Fexofenadine in a (Ci-C3)alkanol followed by; 

b. azeotropically reflming.Fexofenadine in a non polar organic solvent, an 
organic solvent or a mixture thereof for 15 minutes to 6 hours, preferably 1-3 hours; 

c. stirring the reaction mixture at ambient temperature for 30 minutes to 2 hours; 

15 and 

d. isolating the Form A of Fexofenadine by conventional methods. 

Crude fexofenadine can be recrystalhzed in methanol, ethanol or isopropanol, 
preferably methanol. The ratio of crude Fexofenadine to the (C1-C3) alkanol is 1 : 1 0-20. 
The ratio of fexofenadine to nonpolar organic solvent and/or organic solvent in step b) is 
20 1:10-15. 

The non polar organic solvents referred to herein are selected from xylene or 
toluene or a (C6-C9) alkyl such as n-hexane, hexane, heptane, octane, nonane or 
cyclohexane. Toluene is the preferred non polar organic solvent. The organic solvents 
are (Ci to C4) alkyl acetates and are selected from methyl, ethyl, propyl, and butyl acetate, 
25 preferably ethyl acetate. 

The Form A of Fexofenadine can be identified by the following characteristics: 

• a visual melting point (capillary tube) in the range of about 2 1 8-228''C; 

• a melting endotherm at about 227-23 1 °C as determined by differential 
scanning calorimetry; 

30 • and an X-ray powder diffraction pattern essentially as shown in the Table 1 . 
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Tablel 



D-Space, 
Angstroms 


Intensity, I/Iq, 
% 


d value 


I/Io 


23.11 


51 


11.50 


44 


8.29 


79 


7.03 


28 


6.67 


48 


6.16 


50 


6.02 


24 


5.75 


23 


5.43 


75 


5.33 


52 


5.07 


100 


4.69 


27 


4.63 


32 


4.44 


66 


4.20 


52 


4.15 


55 


4.07 


38 


3.55 


21 


3.44 


20 



According to another aspect, the present invention provides a process for 
preparing a novel crystalline form of Fexofenadine Hydrochloride, designated as Form X. 
The process for the preparation of novel crystalline Form X of fexofenadine 
5 hydrochloride, comprises reaction of fexofenadine Form A in non polar solvent, with a 
suitable solvent containing hydrogen chloride and isolating the desired Form X of 
fexofenadine hydrochloride which can be obtained directly from fexofenadine without 
' -^ generating a hydrated form of fexofenadine hydrochloride. 

The Form X polymorph is prepared by a process, which comprises: 
10 a. recrystallizing cmde Fexofenadine in (Ci "C3 )alkanol followed by; 

b. azeotropically refluxing Fexofenadine in a non polar organic solvent, an 
organic solvent or mixtures thereof for 15 minutes to 6 hours, preferably 1-3 hours; 

c. stirring the reaction nnxture at ambient temperature for 30 min to 2 hours; 

d. optionally isolating the Fexofenadine Form A by conventional methods ; 

15 e. if isolated, suspending Fexofenadine Form A, in a non polar organic solvent; 

f. adjusting the pH of the reaction mass to 1 to 3, preferably 2 with a suitable 
solvent containing hydrogen chloride; 
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g. stirring the reaction mass for 30 minutes to 1 8 hours, preferably 1-10 hours 
and more preferably 3-6 hours at ambient temperature; 

h. filtering the solid obtained followed by drying at 60-100°C; 

i. suspending the solid obtained in step (h) in an alkyl acetate and heating the 
5 reaction mixture to reflux for 0.5 -6 hours preferably 1-3 hours; 

j. stirring the reaction mixture at ambient temperature for 20 minutes to 2 hours; 

and 

k. isolating the anhydrous crystalline Form X of 4-[4-[4- 
(hydroxydiphenylmethyl)-l-piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic 
10 acid hydrochloride, by conventional methods* 

The preparation of Form X can be accomplished without isolation of Form A. 
The preparation of Form X can proceed^directly from step (c) to step (f) eliminating steps 
(d)and(e). 

In variation of above process the preparation of novel Form X polymorph may be 
15 accompUshed by drying the solid obtained in step (h) at 1 10-160°C under reduced 
pressure for 30 minutes to 10 hours, preferably 2-5 hours. 

The ratio of solid to alkyl acetate in step (i) is 1:10-15. 

Yet another aspect of the present invention is to provide a process for preparing a 
novel crystalline form of Fexofenadine Hydrochloride, designated as Form X, by seeding 
20 technique. 

This process comprises: 

a. recrystallizing cmde Fexofenadine in a (Ci-C3)aIkanol followed by; 

b. azeotropically refluxing Fexofenadine in a non polar organic solvent for 3-4 

hours; 

25 c. optionally isolating the Fexofenadine Form A obtained in step b) by 

conventional methods accompanied by drying at below 100°C ; 

d. suspending the Fexofenadine Form A obtained in step c) or adding to the 

mixture of step b) a mixture of a nonpolar organic solvents selected from toluene or 

xylene or a (C6-C9)alkyl; or an organic solvent selected from (C1-C4) alkyl acetate 
30 preferably ethyl acetate; and isopropanol, the ratio of solvent to isopropanol being 7-9:3- 

1 preferably 9:1 ; 
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e. adjusting the pH of the solution of step d) to 1 to 3 preferably 2 with a suitable 
solvent containing hydrogen chloride; 

f. filtering the solution obtained in step e) to remove particulate matter; 

g. seeding the solution of step f) with crystals of novel crystalline Form X and 
5 stirring the reaction mass at ambient temperature to separate the solid; 

h. filtering the solid obtained in step g) followed by washing with a nonpolar 
organic solvent, organic solvent or hydrocarbon solvent; and 

i drying the anhydrous crystalline Form X of 4-[ 4-[4-(hydroxydiphenylmethyl) - 
1-piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic acid hydrochloride at 70- 
10 100°C 

The crade fexofenadine maybe recrystallized in a C1-C3 alkanol such as 
methanol, ethanol or isopropanol, preferably, methanol. 

The non polar organic solvents referred to herein are selected from xylene or 
toluene or a (Cg-Cg) alkyl such as n-hexane, hexane, heptane, octane, nonane or 
15 cyclohexane. Mixtures of solvents may be used thereof. Toluene is the preferred 

solvent The organic solvents are (C1-C4) alkyl acetates and are selected firom metitiyl, 
ethyl, propyl and butyl acetate preferably ethyl acetate. 

The suitable solvent containing hydrogen chloride referred to herein is selected 
firom medianol, ethanol, isopropanol or t-butanol, preferably isopropanoL 
20 The ratio of crude fexofenadine to the C1-C3 alkanol is 1 : 10-20. The ratio of 

fexofenadine to the solvents in step b. is 1:10-15. 

The hydrocarbon solvent is selected from hexane or cyclohexane, preferably 
cyclohexane. 

The Form X of Fexofenadine hydrochloride obtained by the processes described 
25 above can be identified by 

• a visual melting point (capillary tube) in the range of about 1 80-188°C; 

• a melting endotherm at about 180-189^C as determined by differential 
scanning calorimetry; 

• and an X-ray powder diffraction pattern essentially as shown in the Table 2. 
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Table2 



D-Space, 
Angstroms 


Intensity, I/Io, 
% 


d value 


I/Io 


16.05 


78 


12.98 


65 


8.29 


62 


8.06 


27 


6.25 


46 


5.97 


29 


5.54 


100 


5.41 


38 


4.89 


69 


4.70 


97 


4.55 


92 


4.37 


23 


4.32 




4.15 


22 


4.03 


58 


3.80 


43 


3.67 


34 


3.57 


33 


3.42 


35 



The present invention provides a improved method for the preparation of 
Fexofenadine Form A in its pure form by a crystallization process which requires onlya 
5 single solvent This solvent may be recovered and reused^ thereby rendering the process 
cost effective and environmentally firiendly. 

The novel polymorphic forms of fexofenadine of this invention may if desired be 
converted into one of its pharmaceutically acceptable salts. 

It is noteworthy to mention that both Fexofenadine and its hydrochloride obtained 
10 by the present invention are pure and well suited for formulation. Most pharmaceuticals 
formulation processes are facihated by use of the active materials that are free flowing 
high melting solids. The novel anhydrous crystalline Form A and X of Fexofenadine 
Hydrochloride of the present invention are a high melting solid, vary suited for 
formulation. 

15 Examples 

The present invention is illustrated by the following examples, which are not 
mtended to limit the effective scope of the claims. 
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Reference Example - for the Preparation of Fexofenadine Crude 
To a solution of a mixture of methyl 4-[4-[4-(hydroxydiphenylmethyl)l- 
piperidinyI]-l-oxobutyl]-a,a-dimethylbenzeneacetate hydrochloride and methyl 3«[4-[4- 
(hydroxydiphenylmethyl)! -piperidinyl]-l-oxobutyl]-a,a- dimethylbenzeneacetate 
5 hydrochloride (100 g) in methanol (600 ml) is added aqueous sodium hydroxide ( 36.4 g 
sodium hydroxide in 132 ml of water). The mixture is heated to reflux for about 2 -4 
hours. Completion of the reaction is monitored by TLC method and upon completion the 
reaction mixture is cooled to ambient temperature accompanied by addition of sodium 
borohydride (6.8 g). The reaction mixture is heated to 50-60°C and maintained at the 
10 same temperature for about 14 hom-s (completion of the reaction is monitored by TLC 
method), and subsequently cooled to ambient temperature accompanied by carbon 
treatment. The clear filtrate obtaifi^d after carbon treatment, is stripped of methanol 
followed by addition of water (300 ml) and acetone (200 ml). The pH of the reaction 
mixture is then adjusted to ~ 6 with acetic acid, stirred for 5 homrs and then filtered, 
1 5 followed by water wash (200 ml) to afford cmde Fexofenadine. 
Yield: 72 g 

Example 1 

:^ Preparation of Pure Fexofenadine 

A solution of Fexofenadine cmde (500 g; prepared as per reference example) in 
20 methanol (4000 ml) is refluxed for 1 hour and the reaction mixture is then cooled to room 
temperature. The precipitated pure Fexofenadine obtained was filtered and washed with 
methanol (250 ml). Repeated recrystalUzation in methanol afforded pure Fexofenadine 
of desired purity. 

Purity by HPLC 99.85 %; Meta isomer < 0. 1 % 
25 Example 2 ~ 

Step 1 

Preparation of Form A firom Pure Fexofenadiae 
A susp^ision of pure Fexofenadine (180 g) in toluene (1800 ml) is azeotropically 
refluxed for 2 and a half hours. The reaction mixture is then cooled to room temperature 
30 and stirred for about 40 minutes. After completion of this step the reaction mixture was 
filtered and washed with toluene (1 80ml) and the obtained Form A of Fexofenadine is 
dried at 80-85**C under atmospheric pressure till constant weight. 
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Yield 179.2 g: M.R (melting range) 220-224*^C. 

Step 2 

Preparation of Form X of Fexofenadine hydrochloride 
To the Fexofenadine Form A (170 g; prepared as per procedure in step 1), toluene 
5 (1700 ml) is added followed by slow addition of isopropanol hydrogen chloride (prepared 
by purging hydrogen chloride to isopropyl alcohol) to pH 2. The reaction mass is then 
stirred for 10 hours 15 minutes. The sohd obtained is filtered, washed with toluene (170 
ml) and dried under vacuimi at 75-80°C. Solid thus obtained (140g) is refluxed in ethyl 
acetate (2800ml) for about 1 hour. The reaction mixture is then cooled to room 
1 0 temperature and stirred for Ihour 30 minutes. The reaction mass is filtered and washed 
with ethyl acetate (140ml). The desired Form X of Fexofenadine hydrochloride is 
obtaiaed after, drying at 78-85°C under atmospheric pressure till constant weight. 
Yield 129.6 g: M.R 183-187^0, 

Example 3 

15 Preparation of Form X of Fexofenadine hydrochloride 

To the Fexofenadine Form A (95 g; prepared as per procedure under Example 2, 
step 1), toluene (950 ml) is added followed by slow addition of isopropanol hydrogen 
chloride (prepared by purging hydrogen chloride to isopropyl alcohol) to pH 2. The 
reaction mass is then stirred for 2 hours 45 minutes. The reaction mass is filtered and 
20 washed with toluene (95 ml) to isolate solid which is dried at 80-85'^C under atmospheric 
pressiure till constant weight. 

Part of the above-obtained solid was kept in oven to remove residual organic 
solvents at 141-149**C at 100-mbar pressure, for 3 and half hours, to afford desired Form 
X of Fexofenadine Hydrochloride M.R 183-188^C. 
25 Example 4 

Preparation of Form X of Fexofenadine hydrochloride 
To pure Fexofenadine (50 g), toluene (500 ml) is added and the mixture is 
refluxed azeotropically for about 3 hours. The reaction mass is then cooled to room 
temperature followed by slow addition of isopropanol hydrogen chloride, to pH 2. The 
30 reaction mass is then stirred for about 1 5 and a half hours. The separated sohd is filtered, 
washed with toluene (50 ntil) and dried (Yield 43,3 g). Part of this sohd (42g) is 
suspended in ethyl acetate (420ml) and refluxed for about 1 hour ( this operation was 
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performed for removal of residual organic solvents). The suspension is then cooled to 
room temperature and stirred for 20 minutes. The reaction mass is filtered and washed 
with ethyl acetate (42nil). The desired Form X of Fexofenadine hydrochloride is dried at 
90-96°C to constant weight. 
5 Yield 39 g: M.R 183-188^C. 

Example 5 

A suspension of pure Fexofenadine (prepared as per example 1; 100 g) in toluene 
(1000 ml) is azeotropically refluxed for 3-4 hours. The reaction nwxture is then cooled to 
room temperature and stirred for about 15-30 minutes. Subsequently, the reaction 
1 0 naixture is filtered and washed with toluene (100ml) and the Fexofenadine Form A 
obtained is dried below 100**C to constant weight 

Yield 95 g ^ - .^^^ 

To a mixture of ethyl acetate and isopropanol (900:100 ml), is added 
Fexofenadiae Form A (100 g; prepared as per above procedure), followed by slow 
15 addition of isopropanol hydrogen chloride (prepared by purging hydrogen chloride to 

isopropyl alcohol) to pH 2. The reaction mass is then filtered and to the filtrate is added 
several crystals of Form X of 4-[4-[4-(hydroxydiphenyhnethyl) —1 - piperidiayl] — 1 - 
hydroxybutyl]-a, a-dimethylbenzene acetic acid hydrochloride. The reaction mixture is 
then stirred for 2-4 hours. The solid obtained is filtered, washed with cyclohexane (200 
20 ml) and dried below 100°C to constant weight to obtain the desired Form X of 
Fexofenadine Hydrochloride 
Yield 100 g. 

The aforemerifiohed crystalline form X of Fexofenadine hydrochloride and Form 
A of Fexofenadine, in Examples 2-4 have been examined for their structural and 
25 analytical data viz.. Powder X-Ray Diffiraction, Differential Scanning Calorimetry, and 
InJfrared Absorption Spectroscopy, 

The results obtained are discussed above and the respective drawings attached 
(Fig. 1-6). 

The X-Ray Diffraction Pattern set out herein were obtained using Rigaku D / 
30 Max-2200 X-Ray Powder Diffractomet^ having a Cu K- radiation source of wavelengtti 
X=l,54 A°. The samples were scanned between 3-45 degrees 20. 
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The infrared absorption spectra were recorded in solid state as KBr dispersion on 
Perkin Elmer 1650 FT-IR spectrophotometer, 

Differential Scanning Calorimetric analysis was performed on a Shimadzu DSC- 
50. The samples were heated to 250''C at a heating rate of 5°C / rain with a 30ml/minute 
5 nitrogen pm-ge. 
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CLAIM 

1 . A crystalline Form A of 4-[4- [4-(hydroxydiphenylmethyl)-l - piperidinyl] — 1- 
hydroxybutyl]-a, a- dimethylbenzene acetic acid (Form A of Fexofenadine) which is 
characterized by the following X-ray powder diffraction pattem (d values in A^: 23.11, 

5 11.50, 8.29, 7-03, 6.67, 6.16, 6.02, 5.75, 5.43, 5.33, 5.07, 4.69, 4.63, 4.44, 4.20, 4.15, 
4.07, 3.55, and 3.44. 

2. The crystalline Form A of Fexofenadine accordinjg to clairn 1 , characterized by 
the following infrared absorption peaks (in cm" ^) FT-IR (faTKBr): 3421^|^5i8^;2S936,^^ 
2366, 2343, 1571,1509, 1490, 1447, 1390, 1334, .1167, 1097, 1073, 1018, 960, 916, 849, 

10 745, 706, 666, 637, 617, 541. ; - 'X': 

3. The crystalline Form A of Fexofenadine according to claim 1, or 2, characterized 
by a melt endotherm with a peak temperature at about 227^23 1 SC. - 

4. A process for preparing Form A of 4-[4- [4- hydroxydiphenylmethyl] -1- 
piperidin-yl]-a, a- dimethylbenzene acetic acid (Form A of Fexofenadine) which 

15 comprises: 

a. recrystaUizing crude Fexofenadine in a (C1-C3) alkanol; 

b. azeotropically refluxing Fexofenadine in a non polar organic solvent, an 
organic solvent or a mixture thereof for 15 minutes to 6 hours; 

c. stirring the reaction mixture at ambient temperature for 30 minutes to 2 hours; 

20 and 

d. isolating the Form A of Fexofenadine. 

5. A pure Form A of 4-[ 4- [4- (hydroxydiphenylmethyl) —1- piperidinyl] — 1- 
hydroxybutyl]-a, a- dimetliylbeiuzene acetic acid, according to any one of claims 1 to 3, 
wherein the purity of Form A is greater than 99.5% 

25 6. A crystalUne Form X of 4-[4-[4-(hydroxydiphenyhnethyl)-l -piperidinyl] — 1- 

hydroxybutyl]-a, a-dimethylbenzene acetic acid hydrochloride (Form X of Fexofenadine 
Hydrochloride) of formula (1) which is characterized by the following X-ray powder 
diffraction pattem (d values in A°): 16.05, 12.98, 8.29, 8,06, 6.25, 5.97, 5.54, 5.41, 4.89, 
4.70, 4.55, 4.37, 4.32, 4.15, 4.03, 3.80, 3.67, 3.57, 3.42. 

30 7. The crystalliae Form X of Fexofenadine Hydrochloride according to claim 6, 

characterized by the following infrared absorption peaks (in cm"^): FT-IR (In KBr): 3370, 
2965, 2652, 1717, 1472, 1448, 1250, 1158, 1100,1068, 995, 962, 840, 747, 703, 638, 560. 
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8. The crystalline Form X of Fexofenadine Hydrochloride according to claim 6 or 7, 
characterized by the DSC thermogram exhibits a melt endotheim with a peak temperature 
of about at about 184-189''C. 

9. A process for preparing Form X of 4-[ 4- [4- (hydroxydiphenylmethyl) -1- 

5 piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic acid hydrochloride (Form X 
of Fexofenadine Hydrochloride), which comprises: 

a. recrystallizing crude Fexofenadine in a (C1-C3) alkanol; 

b. azeotropically refluxing Fexofenadine in a non polar organic solvent or 
organic solvent or a mixture thereof for 15 minutes to 6 hours; 

10 c. stirring the reaction mixture at ambient temperature for 30 min to 2 hours; 

d. adjusting the pH, of the reaction mass to 1 to 3 with a solvent containiag 
hydrogen chloride; .. . 

e. stirring the reaction mass for 30 minutes to 1 8 hours at ambient temperature; 
£ filtering the solid obtained followed by drying at 60- 1 OO^'C; 

15 g. suspending the sohd obtaiaed in step (f) in an alkyl acetate and heating the 

reaction mixture to reflux for 30 minutes to 6 hours; 

h. stirring the reaction mixture at ambient temperature for 20 minutes to 2 hours; 

and 

i. isolating the anhydrous crystalline Form X of 4-[ 4-[4- 

20 (hydroxydiphenylmethyl)-! -piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic 
acid hydrochloride. 

10. A process for preparing Form X of 4-[4-[4-(hydroxydiphenylmethyl>-l- 
piperidiuyl] — l-hydroxybutyl]-a, a-dimethyl^^^#.acetic acid hydrochloride OPorm X 
of Fexofenadine Hydrochloride), which comprises: 

25 a. recrystallizing cmde Fexofenadine in a (C1-C3) alkanol; 

b. azeotropically refluxing Fexofenadine in a non polar organic solvent, organic 
solvent or a mixture thereof for 15 minutes to 6 hours; 

c. stirring the reaction mixture at ambient temperature for 30 min to 2 hours; 

d. isolating Fexofenadine Foim A; 

30 e. suspending isolated Form A of Fexofenadine in a non polar organic solvent; 

f adjusting the pH, of the reaction mass to 1 to 3 with a solvent containing 
hydrogen chloride; 
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g. Stirring the reaction mass for 30 minutes to 18 hours at ambient temperature; 

h. filtering the sohd obtained followed by drying at 60-100°C or by drying at 
110-16 under reduced pressure; 

i. suspending the solid obtained in step (h) in an alkyl acetate and heating the 
5 reaction mixture to reflux for 30 minutes-6 hours; 

j. stirring the reaction mixture at ambient temperature for 20 minutes to 2 hours; 

and 

k. isolating tiie anhydrous crystalline Form X of 4-[4-[4- 
(hydroxydiphenylmethyl)-l-piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic 
10 acid hydrochloride, by conventional methods. 

11. A process for preparing Form X of Fexofenadine Hydrochloride, which 
comprises: - . ^ ^-i^ 

a) recrystallizdng cmde Fexofenadine in (C1-C3) alkanol; 

b) azeotropically refluxing Fexofenadine in a non polar organic solvent for 3-4 

15 hours; 

c) optionally isolating the Fexofenadine Form A obtained in step b) by 
conventional methods accompanied by drying at below 100°C; 

d) suspending the Fexofenadine Form A obtained in step c) or adding to the 
reaction mixture of step b), a mixture of a nonpolar organic solvent or an organic solvent 

20 and isopropanol; 

e) adjusting the pH of the solution of step e) to 1 to 3 with a solvent containing 
hydrogen chloride; 

f) filtering the solution obtainediii step e) to remove particulate matter; 

g) seeding the solution of step f)with several crystals of crystalline Form X 4-[ 4- 
25 [4-(hydroxydiphenylmethyl)-l-piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene 

acetic acid hydrochloride and stirring the reaction mass at ambient temperature to 
separate the solid; 

i) filtering the solid obtained in step h) followed by washing with a nonpolar 
organic solvent, organic solvent or hydrocarbon solvent; and 
30 j) drying the crystalline Form X 4-[ 4-[4-(hydroxydiphenylmethyl>-l- 

piperidinyl] — l-hydroxybutyl]-a, a- dimethylbenzene acetic acid hydrochloride. 

12. The process as claimed in any one of claims 4 or 9 to 1 1, wherein the non polar 
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organic solvent is selected from toluene or xylene. 

13. The process as claimed in any of claims 4 or 9 to 12, wherein the (C1-C3) alkanol 
is methanol, ethanol or propanol. 

14. The process as claimed in any one of claims 4 or 9 to 13 wherein the nonpolar 
5 organic solvent is a (C6-C9) aikyl. 

15. The process as claimed in any one of claims 4 or 9 to 14, wherein the nonpolar 
organic solvent is n-hexane, hexane, octane, nonane or cyclohexane. 

16. The process as claimed in any one of clainais 4 or 9 to 15, wherein the organic 
solvent is selected from (C1-C4) alkyl acetate. 

10 17. The process according to any one of clauns 4 or 9 to 16, wherein the organic 
solvent is ethyl acetate. 

18. The process as claimed in.claim 9 stq)Xd), claim JO step (f) or claim 11 step (e), 
wherein the solvent containing hydrogen chloride is selected from methanol, ethanol, 
isopropanol or t-hutanol. 
15 19. The process as claimed in claim 1 1 wherein the hydrocarbon solvent is selected 
from hexane or cyclohexane. 



BNSDCXiD: <WO . 02102777A2 I > 



wo 02/102777 PCT/USO 1/23994 



1/10 




BNSDOCID: <WO. 



.02102777A2J_> 



wo 02/102777 



PCT/USOl/23994 



2/10 

FIG. 1B 
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FIG. 1C 

Peak Search 



Peak No. 


i 1 neta 


rvvnivl 


a-vaiue 


iniensiiy 




21 


22.420 


0.141 


■ 3.9622 


242 


- 12 


22 


22.640 


0.118 


3.9242 


201 


10 


23 


23.180 


0.282 


3.8340 


281 


14 


24 


24.020 


0.259 


3.7018 


351 


17 


25 


24.680 


0.165 


3.6043 


151 


7 


26 


OC f\Clf\ 


U.I 00 


O.OOUO 


/I "30 


OA 
C\ 


27 


25.900 


0.188 


3.4372 


402 


20 


28 


27.160 


0.165 


3.2805 


315 


15 


29 


27.600 


0.212 


3.2292 


84 


4 


30 


28.320 


0.118 


3.1488 


263 


13 


31 


28.540 


0.259 


3.1250 


353 


17 


32 


29.040 


0.235 


,3.0723 


181 


9 


33 


29.480 


0.118 


3:6274 


83 


4 


34 


29.720 


0.259 


3.0035 


133 


7 


35 


30.700 


0.188 


2.9099 


162 


8 


36 


31.160 


0.141 


2.8679 


104 


5 


37 


33.660 


0.141 


2.6604 


105 


5 


38 


42.600 


0.141 


2.1205 


111 


5 


39 


44.680 


0.141 


2.0265 


109 


5 


40 


44.820 


0.118 


2.0205 


76 


4 



SUBSTITUTE SHEET (RULE 26) 

BNSOCXaO: <WO 02102777A2_L> 




BNSOOCIO: <WO___oai02777Aaj_> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/102777 PCT/USOl/23994 



6/10 



FIG. 3 



Thermal Analysis Data 
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FIG. 4C 
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FIG. 6 
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